An important challenge here is that firms in the electro-technical industry have never engaged in the commercial production of electric motors for heavy vehicle applications. There are significant differences between firms in the traditional electro-technical industry and those in the vehicle industry; for example, established firms in the electro-technical industry are used to specify the products themselves and then to sell them to their widely diversified customers. In the vehicle industry, however, suppliers typically have to adapt and develop their products to meet the ambitious targets set by the vehicle manufacturers and deliver the products in high volumes, with stringent demands being made regarding delivery, quality and continuous cost reduction. As a result, electro-technical firms perceive collaboration with vehicle manufacturers to be very demanding, which makes them reluctant to involve themselves in this new business (Interview with the manager of parallel hybrid development, Scania, 2008 Scania, /2011 Interview with Sadarangani, 2010) .
The aim of this chapter is to outline the key issues for heavy vehicle manufacturers in their collaboration with suppliers of electric motors. The information was collected via an in-depth study of the hybrid product development conducted by two heavy-vehicle manufacturers with their respective electric motor suppliers: Scania-Voith and Volvo Trucks-Kollmorgen. The two vehicle manufacturers used different types of electric motor for their hybrid powertrains. They also chose different types of architecture for their hybrid vehicles. By analysing the similarities and differences in these two collaborations, the chapter will demonstrate some of the key challenges involved.
The next section presents the hybrid development processes at Volvo and Scania, and the following two sections deal with the technological dynamics of electric drive systems and the development of the electric motors used in Volvo Trucks' and Scania's heavy hybrid electric vehicles. A comparative analysis of hybrid development and supplier collaboration conducted by Volvo Trucks and Scania follows. The final section provides conclusions on how new product development (NPD) collaborations are organized and a discussion on lessons learnt from the study.
The hybrid vehicle development processes at Volvo and Scania
Volvo Trucks' engagement with hybrid vehicle development may be traced back to the mid-1980s, when the company began a theoretical study of hybrids, followed by the development of demonstrators and tests of various technologies, including mechanical hybrids, hydraulic hybrids, and series and parallel electric hybrids. In 2002, the company began an advanced engineering project to investigate which type of hybrid solution would offer the best combination of fuel efficiency, robustness and cost-effectiveness. ' We ruled out quite a few configurations of hybrids because they were too expensive, and ended up with what is known as a parallel hybrid system, in which you use one electric motor and an automatically-geared mechanical
